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FOREWORD 


This  rex>ort  raises  the  possibility  r  truly  significant  Improvenients 

1 

In  the  supersonic  combat  range  of  chemically  fueled,  aerodynanlcally 
supported  aircraft  or  missiles.  These  ;>;t»ntlal  Improvements  vould 
ensue  from  the  very  hi^  supersonic  llfr.-drag  ratios  of  ring-body  confi¬ 
gurations.  Such  lift-drag  ratios  vould  be  achieved  through  vhat  Is 
termed  *drag  transformation  and  reduction/  an  effective  marriage  of  the 
techniques  of  thickness-drag  cancellation,  lamlnarlaed  supersonic  boundary 
layer,  and  reduction  of  drag-due -to-lift. 

Experimental  research  at  an  early  d£vte  Is  strongly  urged  In  order  to 
establlch  the  degree  of  physlca:".  rcf  jl:,%tlon  of  the  theoretical  gains 
described  In  this  report.  In  this  /l)  t^ffectlve  design  applications 
can  be  formulated  and  (2)  -  be  experience  gained  can  be  brought  to  bear 
on  extensions  of  the  concept. 
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SUMMARY 


Three  potential  aerodynamics  advances  —  thickness-drag  cancellation^ 
laminar ised  supersonic  boundary  layer^  and  reduction  of  drag-due-to-llft  • 
are  brought  to  bear  on  a  family  of  ring-body  conflg\xratlons  representing^ 
by  virtue  of  their  very  high  lift-drag  ratios,  a  possible  breakthrough  In 
strategic  weapon  systems*  Each  of  the  three  major  features  of  this  novel 
aerodynamics  concept  has  been  treated  In  the  literature  previously  with 
varyluff  degrees  of  eonqpletetiess.  All  three  are  brought  together  here  to 
achieve  this  potential  breakthrou^  In  strategic  weapon  systems*  The 
following  is  a  summary  of  the  capabilities  which  could  be  realised  from 
specific  applications  of  this  concept: 

0  Circumnavigation  of  the  «arth  with  all-supersonic,  unxefueled, 
chemical-energy  strategic  bonbers  Is  Indicated  to  be  a  possibility 
for  the  striking  force  of  the  aid-sixties*  This  Is  predicated 
on  the  19^  state-of-the-art  In  propulsion  and  structures  and  on 
successful  verification  of  the  aerodynamics  concept  described 
herein* 

0  A  Mseh-2,  sea-level,  long-range  strategic  missile  of  the  wel^t 
and  general  else  of  the  SM-62A  Snark  could  be  developed  to 
operate  over  a  ^000  n  ml  nuiGs.  Fear  the  more  reasonable  flight 
profile  of  hlgh-altitude  supersonic  eroise  and  sea-level  super¬ 
sonic  dash  to  the  target,  the  range  could  be  extended  or  the 
else  of  the  missile  could  be  reduced*  The  state-of-the-art 
requirenents  for  such  a  alssUe  art  eseentially  tboee  of  the 
elreusaiarlfrntlODal  manned  bosber  and  are  therefore  dependant  upua 
realisation  of  this  new  eor.'^cpt  la  supersonic  serodynaaies* 
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0  MAoh-3  Air-to- surface  missiles  having  the  approxlaate  uarhead  and 
guidance  Heights  of  current  ASM*  a  and  a  range  (froa  airborne 
launch)  of  yoo  to  1800  n  mi  could  be  developed  for  launching 
Heights  (Including  boosters)  of  U60O  to  6800  lb*  With  a  narhead 
of  tnlce  the  Height  of  that  In  the  ASM  and  for  the  sans  distances 
to  target,  the  launching  Heights  for  a  similar  group  of  missilas 
Hould  be  about  8e00  to  11,700  lb*  The  preliainarj  estimates  for 
these  ASM*s  employ  only  tvo  (thiekness^drag  cancellation  and 
reduction  of  drag*due«to-lift  by  body  eaiM>er)  of  the  mjor  fea* 
turns  of  this  aerodynamics  concept* 

0  A  Mach*2  supersonic  transport  of  the  general  sise  and  voight  of 
the  intercontinental  OC-8  could  be  designed  vith  almost  2*l/2  times 
the  ^800  n  mi  maximum  range  of  this  airplane,  if  all  three  major 
factors  Here  used*  Using  only  tno  of  the  major  factors,  lamiaarised 
supersonic  boundary  layer  and  thickness-drag  cancellation,  a  10 
per  cent  increase  over  the  DC-d  range  is  indicated*  These  rangse 
are  based  on  a  fuel-to-groes-veight  ratio  of  about  1/2,  nhich  is 
typical  of  personnel  transports  of  eurrent  design* 
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I.  nnsoDucnoR 


The  as -yet  unsatisfied  distance  requlreasnt  of  asiined  offenslire 
eeapoo  systens  and  the  need  for  smaller,  faster,  cheaper,  and  more  effec¬ 
tive  systems,  once  the  distance  requirement  Is  met,  invite  the  attention 
of  specialists  In  many  fields.  Including  stknaetures,  propulsion,  aero¬ 
dynamics,  and  preliminary  design.  Of  these  specialists  the  aerodynamicist 
is  in  an  especially  good  position  to  influence  the  range  capability  of  a 
given  ueapon  system  in  a  direct  fashion,  through  liqnrovemant  of  the  ratio 
of  lift  to  drag  (L/D). 

With  reservations  about  the  over-simplification  and  the  less  than 
universal  ipplicability  of  the  Breguet  range  equation. 


let  us  note  the  direct  proportionality  of  range  to  lift-drag  ratio  and  to 
Mach  nuiiber,  N.  Iiprovemtnts  in  either  or  both  terms  that  dc  not  increase 
specific  fuel  eonstm^tion,  c,  or  increase  the  eqpty-  to  groas-eelght  ratio. 


'final 


'init 


The 


vUl  directly  increase  range* 

■aarlnMi  lift-drag  ratio  ia  a  sl^pla  and  eonvaniaat  fignra-of • 


of  a  Uft-aupported  vahiola*  For  a  oonvantional  ving-body-typa  oonflgur- 
ation  it  la  dateniiaad  froa  the  relation 
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vhere 

K  ■  drag-duA-to-llft  factor 


total- viaeoua-drag  eoeffleianti  tha 
auxaaation  of  the  eoHpooent  draga 


and 


totaX-thlckneaa-drag  coefficient,  the 
euBBiatlon  of  the  eoavonent  drage 


In  their  order  of  Introduction  the  areas  used  above  are  coapooent  eetted 
9  selected  over-all  reference  area  A  and  coapcxient  refar- 

coap 

enee  area,  These  expreaalone  aueclnctly  present  the  general 

ooap 

problea  areas  for  the  serodanMalolst  and  the  deslgMr,  both  of  eboa  strive 

to  laprove  the  attainable  aaxtaiai  lift-drag  ratio  for  successive  vehlele 

designs.  The  three  coefficients  that  the  serodynaalclst  seeks  to  reduce 

are  drag-due-to-llft  factor,  K,  skln-frlotlon  coefficient,  C^,  and  the 

coaponent  thlckneas-drag  coefficients,  C. 

"t 

coap 

The  particular  class  of  configurations,  ring-bodies,  for  idiieh  this 
analysis  Is  perfomed  (Fig.  1)  does  not  necessarily  represent  the  optinni 
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of  a2JL  possible  classes.  It  vas  used  because  it  offered  an  opportunity 
to  reduce  I  in  principle,  all  three  of  these  coefficients  sinoltaneously 
and  because  the  development  of  the  aerodynamic  theories  involved  vas 
available  in  the  literature.  *  *  The  present  investigation  is  a  logical 
outgrowth  of  the  analytical  developsient  by  the  author of  the  non- 
lifting  ring-body,  which  vas  first  suggested  by  Ferrl.^  ' 

The  IngiroveiBent  in  lift-drag-ratio  values  relative  to  those  of  con¬ 
ventional  ving-body  configurations  is  effected  principally  througli  a 
concept  termed  'drag  transfomation  and  reduction.*  This  concept  involves 
the  elimination  of  body  and  'wing*  thickness  drag  (at  the  cost  of  Increased 
*ving*  vetted  area)  and  the  reduction  of  average  skin-friction  coefficient, 
as  a  result  of  boundary- layer  control,  to  maintain  a  laminar  boundary 
layer  over  various  portions  of  the  vetted  surfaces.  The  rest  of  the 
improvement  is  due  to  the  use  of  drag-due-to-lift  factors  vhich  are 
generally  less  than  the  level  of  the  values  vhich  are  typical  for  opera¬ 
tional  supersonic  aircraft.  This  is  a  consequence  of  minimising  the  wave- 
drag  part  of  drag-due-to-lift. 
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II.  AERQDniAMIC  METHOD  AND  RBSULTS 


The  gensral  cIms  of  eonflguratloiit  eontidered  In  the  present 
analysis  is  tenMd  'rl^-body.  *  These  eonfigurations  lie  vlthin  the  elr- 
euBseribed  double  Mseh  cone  defined,  by  the  length  of  the  body  and  the  Naeh 
smgle  associated  vith  the  fli^t  Nseh  nuaiber.  Both  eoaplete-eireular 
ring-vlngs  and  half -circular  ring-vings,  as  shom  in  Pig.  1,  sere 
eonaldered.  Calculations  sere  nade  for  both  the  coaplste-  and  the  half¬ 
ring  subclasses,  using  both  axially  syMstrie  and  caabered  central  bodies. 

The  detailed  derisation  of  the  aatheaatical  relationa  and  the  general 
•ubstaatiatlon  of  the  calculations  sill  be  reported  in  abbeeqaent  research 
■enoranda.  For  present  purposes  it  is  sufficient  to  obserse  that  the 
ehoicea  betseen  alternative  sehsaes  at  each  step  sere  nade  to  apprcociaate 
the  optisal  desiipi  and  to  naintain  the  traotability  of  thesa  relations  to 
■athanatieal  analysis. 

AM  sas  suggested  in  the  introduction,  the  parasitic  or  non-lifting 
dLrag  is  effectively  reduoed  to  a  nlnlrni  by  elinlaatiag  the  thickness 
dreg  (scBStines  referrsd  to  as  sero-lift  save  drag  or  pressure  drag)  and 
reduoing  the  friction  (visoous)  drag  eontribusion  by  Imdnarising  tha 
boundary  layer  over  the  settad  surfaces.  These  are  tso  of  the  fea- 
turas  in  this  serodynsnies  eonoept.  The  third  feature,  shich  sill  be 
iatroduosd  belos,  affsets  the  lifting  drag,  shich  eongrises  a  vortex  drag 
(slnilar  to  subsonic  flos)  and  a  save  drag.  The  vortex-drag  contribution 
is  approKinately  alnlaliad  by  the  assiMsd  spanslse  loading  on  tha  rii^-sing. 
This  loading  varies  cirevBfcrsntially  as  the  sins  of  the  sngls  0  nsasursd 
trm  the  hcriacotal,  ss  shom  in  Pig*  2.  This  vortsx-drsg  oentribatien  is 
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r«due«d,  for  a  f\caily  of  eyllndrioal  9110118  Inioribed  in  a  rig^t  eirenlar 
double  Naeh  coooi  as  the  cylinder  rediue  is  increased. 


These  sin  ^  type  loadings  are  constant  along  the  ehord  of  the  ring,  as 
illustrate^  by  the  sketches  of  Fig,  2,  the  nave-drag  contribution  to 
drag-due-to-lift  is  related  to  hov  sell  the  ideal  elliptio  loading  along 
the  axis  is  ^proKlaated  by  projections  of  the  above-described  loadings 
along  Nieh  planes.  This  process  of  projection  is  illustrated  in  Fig,  5, 

In  general  the  approxiaation  of  the  projection  of  the  real  loading  to  the 
ideal  elUiitic  loading  along  the  axis  vorsens  as  the  ring  is  moved  outesrd. 
The  coabined  effect  of  the  two  contributions  to  drag-dus-te-lift  declines 
to  an  asyaptotic  valus  associated  eitb  tm  dlawslonal  floe.  This  general 
coablnation  of  vortex  sad  eave  drag  is  referred  to  as  'basic*  ring-body 
drag-due-to-lift  • 

■ouiver,  the  eave-drsg  contribution  can  be  made  to  decline  as  the 
ring  is  moved  out,  if  toe  loeal  loading  das  to  body  csiiber  adds  to  (and 
suhtraets  from)  the  projected  loading  froa  the  eing  to  fcm  am  elliptic 
loading  along  ths  axis.  This  is  the  alnlmnn  ocntributioa  of  enve  drag. 
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This  ■ininal  eoatributioo  for  vavo  drag  ooibliiea  vlth  the  near-Blnlaal 
contribution  for  vortex  drag  to  approxinate  lower-bound^^)  valuaa  for 
drag-due- to-llft.  Thla  eoBblnatlon  of  vortex  and  wave  drag  la  referrad 
to  aa  'eairibered'  ring-body  drag-due-to-llft  and  rapreaenta  tbe  third 
feature  of  the  aerod^nanlea  eoneept. 

Thera  la^  of  couraei  an  Infinite  nuaher  of  extenta  of  eaniber  between 
the  aero  and  the  Ideal  oaeea  deaerlbed  above. 

The  preceding  deaorlptlona  of  drag  can  be  aiaearlaed  ■atheaatleally 
by  the  relation 


p  -f  4>  D 

wing  ^body 


lift 


D 


q  ♦ 


♦  (d  ♦  e 


)(§)" « 


where 

b  •  ratio  of  wetted  area  of  two  fuU-ehord  atrute  to  one-half  the 
wing  wetted  area 

R  ■  wing  radlua 

c  «  (ring)  wing  chord 

■  average  akin-friction  coefficient 

q  ■  dynanle  praaaure 

a  ■  body  wetted  area  factor 

»  -  - 1 

L  >  lift 

d  ■  wave-drag  eoafficient 
a  •  vortex-drag  eoeffielant 
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For  the  helf -ring-body  configurations  the  central-body  eroea-aeetional 
area  distribution  along  the  axis  and  the  total  body  volune  are  detemiiied 
through  an  involved  eathesiatieal  process  uhieh  prOv^eeds  froi  the  assusnd 
loading  on  the  ring.  Hilo  point  is  eentioned  here  because  it  introduces 
a  uell-definedy  fomal  constraint  on  the  body  volune  and  ving  lift,  hence 
on  the  average  bulb  density  of  the  configuration  and  the  (operational 
altitude.  This  constraint  applies  less  fomally  to  the  coaplete-ring-body 
configurations.  (This  is  siailar  to  experience  with  conventional  aircraft^ 
Thus  the  equation  above,  vhieh  relates  body  wtted  area  and  drag-due-to- 
lift  and  uhich  uas  derived  for  the  half -ring  configuraticn,  is  used  for 
the  conplete-ring  configuration  and  gives  an  accurate  basis  for  coaparison* 
Specifically  the  voluiM-lift  relation  for  these  ring-bodies  is 

Volune  •  0.320 

This  volune  of  the  central  body  is  expected  to  be  the  only  useful  voliae 
of  the  configuration.  The  lift-drag  relation  given  above  can  be  used  to 
optiaise  the  lift-drag  ratio.  Typical  results  of  these  rather  involved 
lift-drag  ratio  optinisations  are  given  by  Fig.  k,  vbera  ^  ia  plotted 
versua  the  ratio  of  ring  chord  to  central-body  length,  j  .  in  part  (a) 
of  Fig.  k  the  pair  of  daahed-line  curves  bracket  the  raaulta  for  basic 
half-ring  body  eonfigurationa,  vith  the  indicated  range  of  intaxeat  of 
ekin-frietion  coefficient,  0.0003  *  -  0.0021,  at  N  1.^.  The  loear 

Uniting  value  is  about  half  the  value  achieved  in  the  first,  liaitad 
■uperaonic  exparinents  at  laninarisation,  and  the  upper  linitiag  value  is 
typical  of  turbulent  boundary  layers  at  N  d  The  pair  of  soUdclina 

curves  in  part  (a)  give  the  aaue  type  of  infomatlon  for  the  oiniiarad 
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half -ring-body  configurations.  Similar  remarks  apply  to  part  (b)  of 

?ig.  k  except  that  the  design  Mach  number  here  is  approximately  3i  And 

0.0005  <  <  0.0015.  These  curves  also  pertain  to  half -ring-body 

configurations.  The  upper  limiting  value  for  M  ■  5  i*  lowered  because  of 

the  Mach-nuidber  effect  on  turbulent  skin-friction  coefficient.  An  example 

0 

of  the  maximum  lift-drag  ratio  for  the  limiting  value  j  •  0  is  indicated 
on  Fig.  U(b)  to  show  that  ^  is  finite  at  the  limit.*  For  siiq^licityi  the 
corresponding  curves  for  complete-ring-body  configurations  are  omitted, 
since  they  are  similar  to  those  of  Fig.  ^  and  their  values  are  quite 
uniformly  about  10  per  cent  lover. 

A  very  interesting  and  striking  feature  of  these  configurations  may 
be  noted  by  comparing  the  ^  values  of  part  (a)  of  Fig.  ^  to  those  of 
part  (b)  for  the  same  valvm  of  ^  and  .  The  fact  that  the  product  of 
Mach  nuiii>er  and  lift-drag  ratio,  M  *  >  is  essentially  a  constant  means 
that  higher  Mach  nunhers  offer  no  inherent  advantage  or  disadvantage  to 
vehicle  range. 

Concurrently  with  the  calculations  of  lift-drag  ratio,  the  physical 
characteristics  of  these  configurations  were  determined  in  a  general 
fashion.  These  included  such  properties  as  body-to-ring  diameter  ratio, 
body  fineness  ratio  ( »  body-frontal-area-to-wing-reference-area 
ratio,  surface  vetted  areas,  and  body  volume.  This  information  permitted 
the  preliminary  configuration  designs  presented  in  the  next  section. 

It  should  be  not'^d  that  the  l/D  value  for  the  basic  half-ring 
configuration  declines  as  the  limiting  value  c/j  ■  0  is  approached.  This 
is  a  consequence  of  the  sum  of  the  decreasing  vortex-  and  increasing  wave- 
drag-due -to- lift  approaching  the  asymptotic  value,  while  the  aero-lift  drag 
increases  slowly.  The  net  effect  is  a  decline  in  L/d.  In  the  ease  of  the 
cosplete-ring  configuration,  both  the  vortex-  and  wave-drag-due-to-lift 
decrease  at  a  moderate  to  rapid  rate,  while  the  aero-lift  drag  increases 
slowly.  The  net  effect  here  is  a  rapid  rise  in  L/D. 


RM-2154 

U- 10.58 

15 


III.  APPLICATIONS 


In  this  section  idealistic  hardware  applications  of  the  perfonoance 
figiires  previously  cited  ^re  described.  Ihe  designs  are  of  the  ’back-of- 
the-envelope*  type,  and  the  sizing  has  in  most  cases  been  set  by  the 
vehicle  selected  for  comparison. 

It  should  be  pointed  out  at  this  j\incture  that  while  the  details  of 
the  theoretical  external  aerodynamics  of  the  ring.body  configurations  can 
be  stated  precisely  and  the  associated  geometries  calculated  exactly,  the 
practical  engineering  data  for  final  comparison  await  the  experimental 
substantiation  of  the  concept  introduced  in  this  report. 

A.  STRATEGIC  LOHG»BA!IGE  BOMBER 

An  important  possible  application  of  this  aerod\iiamics  concept  is  a 
csunbered  half -ring  body  with  a  design  Mach  number  of  about  5*0  and  having 
as  a  comparison  vehicle  an  advanced  design^^^  scaled  for  a  gross  weight 
of  about  W,000  lb  (Figs.  5  and  6).  The  configuration  sketched  in  Fig.  6 
has  a  body  volume  equal  to  the  total  displacement  volume  of  the  confi¬ 
guration  shown  in  Fig.  5«  The  average  density  (initial  gross  weight 
divided  by  total  volume)  assumed  for  both  configurations  is  50  Ib/ft? 
Figures  5  and  6  sure  drawn  to  the  same  scale,  so  that  general  impressions 
as  to  size  can  be  readily  obtained.  The  ring  chord  is  about  6  per  cent 
of  the  body  length.  As  is  visually  the  case  with  conventional  airplanes, 
definite  altitudes  are  associated  with  the  vehicles*  naxiimim  lift-drag 
ratio,  gross  weight  (lift),  and  volume  (density).  For  the  vehicle  in 
Fig.  6  the  product  of  Kach  nurher  and  lift-drag  ratio,  M  ^  ,  is  97.5. 

By  coi^rison,  the  canard  configuration  of  Fig.  5  has  an  M  ^  of  about  15, 
bated  on  uncorrected  wind-tunnel  data.  The  latter  value  could  be  raised 
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Fig. 5 — Canard  airplane  configuratian  of  Mach -2  design  with  no  lift-interference 


RM-2154 

U.lO-58 

16 


to  about  20  by  reducing  the  average  akin- friction  coefficient  by  a  factor 
of  about  five I  thus  reducing  to  the  value  of  the  ring-body  configuration, 

0.0003. 

Figure  7  affords  a  brief  pictorial  conparlson  of  the  all-out  range 
capabilities  of  the  Mach-2  canard-type  aircraft  vith  lamlnarised  boundary 
layer  and  a  23  per  cent  range  increase  and  the  circuznnavigatlonal  strategic 
bomber  at  M  3.  This  range  increase  could  be  attributed  to  successful 
application  of  an  elementary  lift- interference  system.  JP-fuels  are  as¬ 
sumed  to  be  used  in  both  vehicles.  The  range  of  the  ring-body  configura¬ 
tion  is  predicated  upon  193^  state  of  the  art  in  propulsion  and  structures 
and  the  use  of  all  three  features  of  the  aerodynamics  concept.  Also  shovn 
as  a  natter  of  general  interest  is  the  order  of  magnitude  of  the  M  *  2  range 
of  the  B-3QA.  The  B-5Qa  is  Bho%m  to  be  able  to  fly  from  Wheelus  Air  Force 
Base,  Tripoli, to  Moscow.  The  'Super  Canard*  could  fly  from  Turner  Air  Force 
Base,  Georgia,  to  Peking,  China,  and  the  300,000  lb  cambered  ring-body  could 
c ir cunmavlgate  the  earth.  The  immensity  of  the  strategic  advantage  made 
possible  by  such  potential  performance  is  clesir. 

B.  STRATECIC  LOIP-RABGE  MISSILB 

The  second  application  given  here  concerns  a  ring-body  of  the 
wei^t  (post-launch)  and  immersed  volume  as  the  SM-62A  SHARK,  which  is 
shown  in  Fig.  8.  A  conplete-ring-body  configuration  (Fig.  9)  was  selected 
for  convenience  of  calculation.  To  demonstrate  the  unprecedented  capability 
of  an  all-supersonic,  all-sea- level,  intercontinental  mission  it  is  neces¬ 
sary  to  assume  the  use  of  borane  fuels  (ramjet  operation).  The  design 
sketched  in  Fig.  9  i>  not  necessarily  the  optimum  of  the  many  possible 

configurations  for  the  all-supersonic  sea-level  mission  at  M  ■  2.2  How¬ 
ever,  it  provides  an  indication  of  the  vehicle  configuration  and  a  basis 
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Rq.7 — Moximum-supersonic -range  capabilities;  Super  Canard 
configuration  at  Mach  2.0;  cambered  ha  If -ring -body  strotegic 
bomber  ot  Moch  3.2;  and  Canvair  B-58A  at  Mach  2.0 
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for  a  performance  eetlnate.  Ranges  of  about  ^000  n  ml  would  be  possible 
for  this  vehicle  with  an  M  ~  of  22,  a  basic  specific  fuel  consunptlon  of 

1.9  with  borane  fuels,  and  a  fuel  vel^t  which  Is  two- thirds  the  gross 

« 

weight.  Assuming  for  the  moment  that  this  configuration  could  fly  a  con¬ 
stant  lift-drag  ratio  x^roflle  rather  than  a  constant  altitude,  the  Breguet 
range  equation  would  apply  and  the  range  would  be  approximately  8000  n  ml. 
These  !XXX)  n  ml  range  capabilities  of  the  SHARK  (using  JP*fuel  and  flying 
at  high  altitudes)  and  the  complete-rlng-body  are  Illustrated  in  Fig.  10, 
which  shows  the  significant  Intercontinental  capability  of  this  supersonic 
sea- level  missile  In  a  flight  from  Castle  Air  Force  Base,  California,  to 
Moscow.  For  practical  applications  a  mixed-altitude  mission  would  probably 
be  employed,  but  the  order  of  magnitude  of  the  range  would  be  the  same. 

The  equations  for  all-out  range  of  these  two  different  missions  are: 

;  constant  altitude 

;  constant  Breguet 

The  state-of-the-art  requirements  for  this  configuration  and  its  stated 
performance  are  a  *19^ -type*  wel^t  ratio,  a  fuel-consuq^tlon  value 
bracketed  by  sea-level  afterburning  turbojet  and  ramjet  values  with  borane 
fuels,  and.  In  aerodynamics,  thickness-drag  cancellation  and  boundary-layer 
laalnarlsation  to  an  average  eifective  skin-friction  coefficient  of  0.0003. 

C.  AIR-TO-SORFACE  MISSIIZ 

The  third  offense  weapon  application  nggested  to  illustrate  this 
aerodynamics  concept  is  the  air-to-surfaee  missile.  An  efficient,  truly 
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Fig.  10 — Moximum -range  capabilities:  SM-62A  SNARK  at  Moch  0.9 
and  intermediate  oltitude;  complete-ring-body  missile  at  Mach  2.2 
and  sea  level;  the  same  missile  at  Mach  2.2 and  intermediate  altitude 


SECRET 


IW-215l» 

^-10-58 

22 


SECRET 


effective  weapon  of  this  type  would  significantly  extend  the  useful  life 
of  the  present  subsonic  manned  strategic  bomber  force.  Shown  in  Fig.  11 
are  two  half-ring*body  configurations  which  bracket  a  family  of  missiles 
designed  for  H  «  3  ranges  of  300  tol800  n  ml  at  altitude  (using  JP-fuels). 
Tile  respective  gross  weights  of  the  missiles  are  approximately  U600  to 
6800  lb  (3200  to  U600  lb  without  boosters).  The  total  of  the  payload  and 
guidance  system  allowances  is  essentially  that  of  urrent  ASM  designs. 

Sobs  indication  of  the  usefulness  of  the  1000  n  mi  weapon  is  given 
by  the  pictorial  representation  of  Fig.  12,  which  Indicates  that  it  would 
be  possible  to  reach  all  SU  targets  from  outside  the  'geographic  •¥  200  n  ml 
perimeter  with  ASM's  launched  from  B-32*a  based  in  the  ZI.  Subject  to  the 
date  of  availability  of  the  ASM,  this  could  be  an  inqportant  strategic 
advantage.  The  indicated  external  stowage  is  consistent  with  the  relative 
dimensions  of  the  B-32  and  the  ASM'e. 

The  state-of-the-art  requirements  for  this  ASM  application  are  arbi¬ 
trarily  quite  conservative  in  weight  ratio  and  ramjet  fuel  consumption 
(3.0);  and  no  skin-friction  coefficient  reduction  is  required  below  the 
nominal  0.0013  of  turbulent  boundary  layers  at  M  »  3*  However,  thickness- 
drag  cancellation  and  body  camber  are  essential  features. 
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ation  of  complete  coverage  of  Soviet  Union  with  1800  n  mi  range 
lunched  from  B-52‘s  200nmi  outside  geographic  perimeter 
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D.  SUIBBSOmC  TRAMSFORT 

Tbe  final  application  illustrated  here  is  that  of  a  supersonic  trans¬ 
port  of  the  general  size  of  the  Douglas  DC-3,  Boeing  'JOJ,  or  XC-13^« 

Figure  13  shows  a  three-view  sketch  of  the  DC-8.  The  nominal  reference 
weight  used  is  300,000  lb,  and  the  averstge  density  is  about  I3  Ib/ft^, 
which  is  typical  of  personnel  transports.  A  Mach-2.2  cairibered -half -ring- 
body  transport  of  this  density  is  found  to  have  an  M  ^  factor  of  about  93; 
hence,  its  range  would  be  2U6  jwr  cent  of  the  38OO  n  ni  maximum  range  of 
the  'intercontinental,'  Mach-O.Sl  DC-8,  or  about  lU,300  n  mi.  This  range 
is  achieved  through  the  use  of  all  three  features  of  the  aerodynamics 
concept,  the  DC-8  vei^t  ratio,  and  the  rather  high  specific  fuel  consump¬ 
tion  value  of  2.3  for  afterbiumlng  turbojets.  The  general  appearance  of 
tbe  airplane  would  be  similar  to  that  of  the  strategic  boid>er  in  Pig.  6. 

The  relatively  small  ring -wing  of  this  transport  airplane,  with  chord- 
length  ratio  f  ^  cent,  has  a  projected  ving-planfom  area,  s,  -  2  Hc. 
that  results  in  the  relatively  high  wing  loading  (ratio  of  take-off  gross 

o 

weight  to  wing-planform  area)  of  223  Ib/ft  • 

To  indicate  the  flexibility  of  the  aerodynamics  concept  to  particular 
problems  of  tbe  designer,  a  related  transport  airplane  (Fig.  iH)  was 
designed  to  have  a  low  loading.  Omitting  tbe  body-camber  feature  of 
the  concept  leads  to  appreciably  different  pptiaum  configurations  and 
lessened  aerodynamic  performance  as  veil  as  reduced  ving  loading.  The 
Mach-2.2  basic  half -ring-body  transport  shown  in  Fig.  Ik  has  a  ving  loading 
of  only  33  Ib/ft^  (versus  104  ib/ft^  for  the  DC-6)  based  on  projected  ving 
planfom  area.  The  chord-length  ratio  of  tbe  ving  ie  27  per  cent.  Tbe 
M'^  factor  of  about  k2  for  this  configuration  corresponds  to  a  maxi  mum  range 
of  about  6300  n  mi,  vhieh  is  12  per  cent  greater  than  that  of  the  DC*8. 
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figure  sunaarisee  the  range  capabllitlee  of  the  DC*8,  the  basic 
half -ring-transport  and  the  canibered  half-ring  transpozrt*  Prom  a  common 
take-off  point  at  Westover  Air  Force  Base,  Massachusetts!  the  DC-8  vith 
a  Mach-0 .81  range  of  3^00  n  mi  could  reach  Dahrani  the  basic  half -ring 
transport  vith  a  Mach-2,2,  range  of  Syxi  n  mi  could  reach  Karachii  and  the 
Mach-2.2  cambered  half -ring  transport  could  almost  reach  Madagascar  and 
return  to  Wectover. 
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Fig. 15 — Moximum- range  capabitities:  Oouglos  DC-6  at  Modi  0.81 
and  30,000  ft,  ond  bosic-  and  cambered-half-ring-body 
transport  airplanes  ot  Modi  2.2ond  intermediate  altitudes 
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Vf.  DRAG  TOAKSFORMATIOir  AMD  REDIICTIOII; 

CURRENT  OTimB  AND  SUQGESTgD  RESEARCH 

TIm  three  aajor  features  of  the  eooeept  of  drag  trensfomatitici  and 
reduction— thlekness -drag  cancellation,  lealnarleed  supersonic  boundary 
T^yer,  and  reduction  of  drag-due- to-Uft— are  discussed  belov  vlth  respect 
to  current  theoretical  or  experlnental  status  and  required  experlaental 
research.  Such  research  Is  needed  at  an  early  date  to  pexeit  an  over-all 
eTaluatlon  and  design  application  of  this  aerodynaalea  concept.  The  po¬ 
tential  perfonunce  gains  In  vehicle  applications  are  so  great  (aasuilng 
full  verification  of  the  concept)  that  early  and  Intensive  research  la 
vital« 

A.  THICnCSS-IIUQ  CAHCBLIATIOB 

Ibe  thickness^drag  cancellation  part  of  the  concept  la  aupported 

Indirectly  by  experiment.  The  aucceaaful  experimental  verifleatlona  of 

the  'Tranaonlc  Area  Rule'^^^^^  and  of  the  'Superaonle  Area  Rula*^^^^^  in 

the  low  superaonle  Msch  nunher  range  Indicate  that  the  Hayea^^^  drag 

method  (evaluation  of  drag  at  a  dlatant  control  aurface  uhare  ♦  ai^  - 

preaaure  perturbatlona  can  cancel  each  other),  vhleh  uaa  uaed  In  tbla  oon- 

eept,  la  aubatantlated  In  the  experimental  realm.  The  Internal  eonpseaalon 
(12) 

inleta'  '  as  considered  recently  for  the  design  of  engine  nacelles  hsve 
been  shoun  experimental  1  y  to  have  hlcd^  total  preaauxe  ration  (tharafora 
lov  energy  loaaea)  In  deceleration  of  the  flov  from  Naeh  3  to  Naoh  0.3  la 
the  free  atream  at  the  engine  ccmpreaaor  face.  Tha  loaaaa  aaaoelatad  ulth 
much  more  United  deceleratlona  of,  any,  Naoh  3  ha  the  free  atxeaii  4oan 
to  Naoh  2  vlthln  the  ring  mould  be  very  anall,  alaoe  tha  lalat*a  noimal- 
abock  and  boundary-layer-aeparatlon  loaaea  are  not  lelavaat  to  thla  eoMept* 
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It  it  fugi^wsted  that  Initially  a  basic  eosq^lste-rlng-body  BK)dal  vlth  low 

chord-length  ratio  and  vith  provision  for  elenentary  boundary- layer 
» 

suction  be  fabricated  and  vind- tunnel-tested  at  Mach  3  to  establish 
specifically  I  for  the  general  class  of  configurations  of  Interest  here, 
the  principle  of  thickness-drag  cancellation* 


sopEaRsoNic  lamhiar: 


bouhdart  laxer 


There  is  only  one  relevant  existing  experinental  effort  in  the  field 
of  supersonic  boundary-layer  control*  Pfenninger^^^^^^^  has  had  good 
success  in  his  first  attempts  at  maintaining  a  boundery  layer  on 


a  ving  model  at  supersonic  speeds  in  the  Daingerfield  vind  tunnel  at 
M  ■  2.2  and  2*8*  Effective  skin-friction  coefficients  (allowing  for  the 
equivalent  drag  of  puaqping  power  as  well  as  the  momentum  defect  in  the 
boundary-layer  wake)  of  0*00036  and  0*00039  vere  obtained  at  these  respec¬ 
tive  Mach  nunbers  and  at  a  wing-chord  Reynolds  number  of  12*7  x  10^* 

These  results  strikingly  parallel,  even  to  the  appraximate  numerical 
values,  the  initial  success  of  the  subsonic  tests^^^^  with  the  speoial  glove 
fitted  to  the  wing  of  an  F-94b  airplsne*  At  the  upper  limit  of  ving-ehord 
Reynolds  nunbers  (about  36  x  10^)  attainable  with  that  airplay,  waluas 
less  than  ■  0.0003  have  been  reached  at  subsonic  Mach  nuiAMrs*  The 
parfonmnee  results  stated  in  the  body  of  this  report  were  based  upon  this 
■  0.0003  level  at  supersonic  Hseh  mmber*  The  initial  supersonic  tests 
reveal  an  inproveasnt  by  a  factor  of  about  three  ftom  the  turbulent  boundary 


* 

The  provision  for  boundary  layer  suction  in  this  model  is  to  insm 
that  the  virtual  surfaces  of  the  model  in  a  viscous  flow  (air)  can  be  nsde 
substantially  those  which  were  assuaed  for  the  potential  flow*  This  is 

essential  to  this  experiment,  which  is  designed  to  check  a  potential  flow 
concept* 
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layer  skin- friction  coefficient  of  roughly  0.0018.  A  further  halving > 
as  vae  aceompllshed  by  subsonic  research,  Is  needed  to  attain  the  ranges 
quoted  In  the  text. 

It  Is  concluded  that  the  super  sonic- laminar-boundary- layer  research 
program  should  be  pursued  vlth  all  practical  speed  and  effort.  In  effect 
this  means  Immediate  and  substantial  renewed  funding  of  experimental 
eupersonic-boundary-layer  research,  nie  experimental  part  of  this  program 
should  proceed  to  complete -configuration  ring-body  model  tests. 

It  is  further  concluded  that  application  studies,  based  upon  these 
experimental  boundary- layer  data,  with  their  numerous  implications  for 
the  configurations,  shou.d  be  conducted  concurrently  with  the  research 
program.  There  Is  a  substantial  need  for  coming  to  grips  with  the  appli¬ 
cations  of  this  second  major  feature  of  the  aerodynamics  concept. 

C  >  REIXICTIOW  CT  HUQ-DUE-TO-IJFT 

Theoretical  investigations  of  reduction  in  drag-due-to-lift  throi;^ 
Interference-generated  over-pressure  fields  have  been  reported  by  Rossow^^^ 

(n) 

and  quite  extensively  by  Ferri.^  Rowever,  the  work  which  is  more  directly 
applicable  to  the  present  thesis  Involves  approximating  the  desired  elliptic 
load  projection  on  the  body  axis  to  minimise  wave-drag-due-to-lift*  A 
combination  of  this  mlnisaffli  drag  with  minimum  vortex  drag  permits  an 
approach  to  Jones' lower  bound  of  drag-due-to-lift.  The  particular 
device  suggested  here  for  improving  the  over-all,  projected,  longitudinal 
loading  of  the  ring  <f  body  has  been  investigated  directly,  but  in  a 
limited  way,  for  the  purpose  of  minimising  airplane  trim  drag  in  the  pitch 
direction.  Body  cahber  was  used  in  a  conventional  wii^-body  model^^^ 
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vhich  was  tested  as  a  part  of  a  basic  wind-tunnel  research  program^  and  It 

was  also  used  in  the  design  and  testing  of  the  Northrop  T-3d  supersonic 

trainer.  However,  the  nost  Inpresslve  exasq^le  of  the  efficiency  of  la- 

proving  the  longitudinal  load  projection  Is  a  delta-wing-body  wind-tunnel 
(19) 

model'  '  designed  to  mlnlislze  supersonic  pitching  aoaent  at  M  ■  1.2. 
Fortuitously,  the  loading  Is  such  that  the  projection  along  the  Hach  plane 
for  M  >  1.2  is  a  reasonable  approximation  to  an  elliptic  loading  along  the 
axis.  In  consonance  with  the  previous  discussion  of  wave  drag-due-to-llft, 
these  tests  did  show  a  substantial  Improveisent  at  M  ■  1.2  In  the  ciurve  of 
lift-drag  ratio  versus  Mach  maher  for  this  configuration.  It  appears  to 
be  an  anomaly  of  the  sort  which  sometimes  occurred  In  research  before  the 
Transonic  Area  Rule  was  formulated.  (An  example  would  be  the  occurrence 
of  an  'unreasonably*  low  transonic  thickxiiess  ditsg,  from  a  free-fllght  drop 
BK)del.^^^  In  the  design  field  one  could  cite  the  larger  T-35  with  a 
maxlmmi  speed  greater  than  that  of  the  parent  F-80,  and  Ihs  falgher-than- 
generally-antlclpated  drag-divergence  m:h  numbers  of  the  XB-^1  and  B-^#) 
It  Is  suggested  that  theoretical  research  on  the  msaas  of  effectively 
utilising  body  cssi>er  for  the  ring-body  sonflguratlons  be  Instated,  and 
that  the  results  be  checked  with  a  *so]^jlstlcated'  ring-body  BOdel  id&lch 
also  Incorporates  the  other  two  major  features. 
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V.  conclusions 


The  magnitude  of  the  range  extenalon  made  poaalble  by  application 
of  the  concept  of  drag  transformation  and  reduction  to  strategic  weapon 
systems  of  a  ring-body  configuration  Indicates  strongly  that  the  foUow- 
Ixsg  measures  be  Implemented: 

o  That  a  basic  complete- ring-body  model  with  lov  chord-length 
ratio  and  with  provision  for  elementary  boundary«layer  control 
be  fabricated  and  vlnd-tunnel-tested  at  Mach  5  to  establish  the 
principle  of  thickness-drag  cancellation* 
o  That  supersonic -lamlnar-boundary-layer  research,  ingiuAing  appli¬ 
cation  studies,  be  pursued  with  all  practical  speed  and  effort* 

0  That  theoretical  research  on  means  of  effectively  utilising  body 
caniber  for  ring-body  configurations  be  begun,  and  that  these 
results  be  checked  with  a  ring-body  model  which  Incorporateo 
thickness-drag  cancellation  and  means  of  producing  a  supersonic 
lemtnarlsed  boundary  layer* 
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